domain (IBD). The larger C-terminal, ‫5.42ف‬ kDa domain
other two, in addition to all nucleotides of the DNA.
Because it was originally postulated that each tandem (C domain), however, has no known function (Liston et al., 2001). To determine how the loose consensus Inr
Inr might bind two IBDs, excess (1.6:1) IBD to ␣-SCS Inr duplex was used for crystallization, and hence two motif is recognized by IBP39, what constitutes a minimal functional Inr and, critically, how IBP39 may mediate TS apo, or DNA-free, IBDs are found in the ASU ( Figure  1D ). These include residues 10-23 and 34-114 of one selection, we have determined the crystal structures of both IBP39 domains, as well as the IBD bound to Inrs. subunit and 10-22 and 33-114 of the other. Consequently, the structure provides views of both the DNA-bound and The structures of the apoIBD and the IBD bound to two Inr elements reveal unexpected properties of Inr binding DNA-free conformations of the protein ( Figures 1D and  1E ). As noted, the structure of IBD-FD complex is essenand recognition. In addition, three IBP39 C domain crystal structures unveil an unanticipated interaction with tially identical to that of the IBD-␣-SCS complexes and includes residues 5-118 of the IBD and all nucleotides of this domain and a PYT-rich peptide, suggesting that the C domain may bind the RNAP II large subunit C-terminal the 13 bp DNA duplex except the 5Ј-guanine overhang. There are three DNA binding elements within the IBD. domain (CTD). This hypothesis was confirmed biochemically by demonstrating direct interaction between the The first, "wing 1" (residues 24-32), is a unique loop-3 10 helix motif that inserts into the DNA minor groove of the C domain and the T. vaginalis RNAP II CTD. Combined, these data provide unprecedented insight into the mecha- ( Figures 2A and 2B) . Critically, no contacts are made to at Ϫ1, reducing transcription activity to 14% and 38%, respectively, compared to wild-type (Liston and John-A(ϩ1), on the nontemplate strand, thus permitting RNAP II access to the TS site. Asn81 also hydrogen bonds via son, 1999). Besides T(ϩ1), Val85 also makes a van der Waals interaction with T(Ϫ2) and, more weakly, T(Ϫ3). its side chain O␦1 to the N4 of the cross strand C(Ϫ1) (2.95 Å ). Perhaps more critical for specifying C(Ϫ1), howThr82 also makes hydrophobic contacts with T(Ϫ2). These close interactions reveal why purine bases are ever, is the close approach of the Asn81 O␦1 to the cytosine C5 (3.34 Å ). This reveals why guanine, and even not favored at Ϫ2 (Liston and Johnson, 1999). The only other base contact within the six bp core motif is a thymine, with a C5 methyl group, are not well tolerated nonspecific water-mediated interaction between the (Table 2) . Thus, the combined three crystal structures provide five indepenally homologous and contrast with the mode used by eukaryotic HTH proteins (Wintjens and Rooman, 1996) . dent views of the C domain structure (Figures 4A-4C) . The IBP39 C domain structure has an ␣␤ fold with Specifically, both the IBD and prokaryotic HTHs use residues from the N terminus of the recognition helix for seven ␣ helices and seven ␤ strands with the structural topology: ␣1 Figure 4A ). Extensive structural homology searches using DALI and a five distinct C domain structures. As discussed above, although core residues, 148-327, take essentially the range of threshold cutoffs reveal that the IBP39 C domain contains a new fold (Holm and Sander, 1993) . same structure in the five distinct crystallographic environments, the C tail residues, 328-341, are flexible and Moreover, unlike the IBD, no region of the C domain displays significant structural homology with any proadopt distinct conformations. These tail residues are only visible because of intimate contacts they make with tein. Interestingly, although C domain residues 148-327 form a conserved, stable core, with rmsds between an elongated surface pocket from a symmetry-related C domain (Figures 4C-4E ). In fact, what is remarkable 0.57-0.70 Å for pairwise C␣ comparisons, the last 14 residues, 328-341, herein referred to as the C tail, appear is that in all structures, the C tails make identical interactions with the same pocket from a neighboring C dovery flexible and adopt vastly different conformations in the five C domain structures ( Figure 4B) . No common main, and in so doing, adopt the identical, extended ␤-like conformation upon binding (rmsds ‫07.0ف‬ Å ) (Figoligomer or 
vaginalis Transcription Initiation Model
Our combined IBP39 structural and biochemical data of the residues from the fortuitously bound C domain C tail in our structure (AYPTFAPM, where C domain bound present a model for the mechanism of IBP39-mediated transcription initiation ( Figure 5C ). In this model, the residues are bolded) with the T. vaginalis RNAP II large subunit CTD revealed an especially strong match beyeast RNAP II structure was used to simulate the T. vaginalis RNAP II structure, as evidence suggests that tween the C tail and the last 10 residues of the CTD, YSPTYEPKKK (Quon et al., 1996) . Notably, the residues the core RNA polymerase structure is conserved from bacteria to eukaryotes ( The T. vaginalis RNAP II large subunit CTD 1488-1661 was cloned using structures were refined using CNS (Table 1) (Brü nger et al., 1998) .
PCR into the expression vector, pCal-n-Flag. Recombinant RNAP In addition to the protein-DNA complex, the current IBD-FD model II CTD and C domain proteins were produced in E. coli, purified contains 68 water molecules and 7 zinc ions, and PROCHECK reusing calmodulin resin and Ni-NTA agarose, respectively, and covealed 91.4% of residues in most favorable regions and 8.6% in immunoprecipitated using a 1:1 molar ratio. Protein A/G agarose additionally favored regions (Laskowski et al., 1993) .
was blocked with 0.1% BSA in IP buffer (150 mM NaCl, 10 mM Tris, 0.5% ChapSO 4 , protease inhibitor cocktail [pH 8]) and subsequently Crystallization and Data Collection: The IBP39 C Domain incubated with anti-Flag (2 g/ml) antibody. Recombinant proteins The C domain, residues 127-341, with a C-terminal His-tag, was
(1 g/ml) were then immunoprecipitated for 1 hr at RT, washed in purified using Ni-NTA agarose. For crystallization, the protein (20-50 IP buffer, solubilized in sample buffer, fractionated by SDS-PAGE, mg/ml) was mixed 1:1 with the crystallization reservoir, 200 mM and transferred to PVDF. The filter was reacted with affinity-purified (NH 4 ) 2 SO 4 , 50 mM MES (pH 6.5), and 15% PEG 5000. The C2 crystals ␣-IBP39 and positive reactions were detected with a horseradish grew to maximum size after ‫1ف‬ day, with cell dimensions a ϭ 99.6 Å , peroxidase-conjugated goat ␣-rabbit secondary by chemiluminesb ϭ 76.4 Å , c ϭ 80.3 Å and ␤ ϭ 93.0Њ. C2 crystals were also obtained cence. with 1 M sodium phosphate (pH 7.0). After approximately four months, several of the C2 crystals dissolved and were replaced by
